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npoBe/jeHti mecraKpaTHBie nacca^cu 3 HTOMonapa 3 iiTiiHecKoro acKOMHijeTa Beauveria 
bassiana (mTaMM Sar-31) uepe 3 pa 3 JiHUHi>ix X 03 fleB ( Galleria mellonella, Tenebrio moli- 
tor, Leptinotarsa decemlineata, Locusta migratoria) c nocjiejjyEomeii oueHKOH (j)eHOTnnu- 
uecKux h reHeTHuecKux pa 3 JiHHHH ucxo^Horo mTaMMa h peu 30 Ji^TOB. YcTaHOBJieHO, hto 
cejieKUM rpu 6 a uepe 3 onpe/jejieHHoro xo 3 AHHa npuBO^HT k ycnjieHHio BupyjieHTHOCTH He 
TOJIBKO K ^aHHOMy X 03 flHHy, HO H OCTaJIBHBIM TeCTHpyeMBIM HaceKOMBIM. y Bcex CeneKTH- 
poBaHHBix KyjitTyp OTMeuajiHCB OAHOHanpaBJieHHBie H 3 MeHemui Mop^ojioro-KyjiBTypanB- 
hbix npH 3 HaKOB: ycHJieHHe pejibe(f)HOCTH h mirMeHTaumi kojiohhh, noBBimeHHe npo^yic- 
THBHOCTH KOHH/JHH H JIHnOJIHTHHeCKOH aKTHBHOCTH. AHaJIH 3 , npOBejjeHHLIH C HCn 0 JH> 30 - 
BaHHeM 6 MemiHKpocaTejiJiHTHBix (IS SR) MapKepoB, noKa 3 aji pa 3 JiHHiM Meac/jy hcxootoh 
h cejieKTHpoBaHHtiMH KyjitTypaMH no 3 npaiiMepaM. nonyueHHBie pe 3 yjibTaTbi bhocmt 
BKJ ia^ b noHHMaHHe (})H 3 HOJiorHHecKHx h reHeTHuecKHx H 3 MeHeHHH naToreHOB b xo/je 
3 nn 300 THH h bo 3 mo^chocth HcnojiB 30 BaHHfl MeTo/ja IS SR RiisL H 3 yueHHfl TpaHCMHCCHH na- 
pa 3 HTHHeCKHX rpH 6 oB. 

Kjuoneebie cjioea : 3HTOMonaroreHBi, acKOMHuera, naccaacn, 3nH300THH, IS SR, H3MeH- 
HHBOCTB. 


OeHoranHHecKHe n reHeranecKiie CBoiiCTBa napa3HTOB n3MeHHK)TCH b xo/je 
3nH300THHHOro npouecca (Ecjihkob h Ap., 1987). B nacTHOc™, (j)aKyjibTaTHB- 
Hbie napa3HTbi MOryT 3HanHTejibHO MMeroiTb ypOBeHb BHpyjieHTHOc™ iipn no- 
CTOiiHHbix nacca)Kax nepe3 xcmeB (Butt et aL, 2006; Masri et aL, 2015). Y^o6- 
HblMH oSBeKTaMH MO^eJIHpOBaHHH JjaHHblX npOIteCCOB CJiy)KaT 3HT0M0- 
napa3HTHHeCKHe rpn6bl B CBH3H C OTHOCHTeJIbHO KOpOTKHMH )KH3HeHHbIMH 
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u,HKJiaMn xcmeB, cbmhx naToreHOB, a TaioKe yaoShoctbio KyjibTHBHpOBaHHH 
o 6 ohx HJieHOB napa3HTapHbix chctcm. Ackomhact Beauveria bassiana sensu 

lato - 3HAO(|)HTHbIH H 3HT0M0naT0reHHbIH rpn6, HMeiOmHH IHHpOKHH 3Hana- 

30H xcmeB h HcnoJib3yioiAHHCH a™ peryxunjHH hhcjichhocth pacTHTeJibHOHA" 
hbix h KpoBOCOcymux HaceKOMbix (Zimmermann, 2007; Lacey etal., 2015). 
B npHpOAe rpn6 AnpKyjiHpyeT b mhofobhaobbix cooOmecTBax Ha3eMHbix Hace¬ 
KOMbix, Bbi3biBaa nepHOAHnecKHe 3nH300THH (EopHCOB h AP-, 2001; Augustyni- 
uk-Kram, Kram, 2012). B Me)K3nH300THHHbie nepHOAti rpn6 cnocoOeH ajih- 

TeJIbHO COXpaHflTbCfl B nOHBe H pB3BHBBTbCH BO BHyTpeHHHX TKaHHX pacTeHHH 

(Vega etal., 2009; Barelli etal., 2016). /JjiHTejibHOCTb 3 iih 300 thh, Bbi3biBae- 
mmx 3HTOMonaToreHHbiMH acKOMHii;eTaMH, oSbihho cocTaBJineT 1—3 roAa (Ka- 
mata, 2000; EopHCOB haP-, 2001; Kryukov etal., 2011). 3a 3 to BpeMH rpH6 
npoxoAHT HecKOJibKo nacca^ceii nepe3 xo3neB. KojinnecTBO AaHHbix naccaHceii 

MO^CeT 3aBHCeTb OT BOJlbTHHHOCTH X03HeB, OCOSeHHOCTeH HX (})eHOJIOrHH, 
njiOTHOCTH nonyjinuiHH. 

MHorHMH aBTopaMH noKa3aHO, hto npH naccancax rpn6oB nepe3 xo3neB 
npoHexoAHT ycHJieHHe hx BHpyjieHTHOCTH (Butt et al., 2006). KpoMe Toro, H3- 
BecTHO, hto AaHHbie naccami, KaK h KyjibTHBHpOBaHHe niTaMMOB Ha pa3Hbix 
nHTaTejibHbix cpeAax, npHBOAHT k H3MeHeHHio pH a a MOp(|)OJ30ro-(])H3HOJiorHHe- 
CKHX CBOHCTB TpH 60 B! npOAyKTHBHOCTH KOHHAHH, CKOpOCTH pOCTa, aKTHBHO- 

cth (|>epMeHTOB, CBH3aHHbix c raApojiH30M KyTHKyjibi h AP- (Cooper, Sweeney 
1982; Vandenberg, Cantone, 2004; Shah etal., 2005; Scully, Bidochka, 2006; 
Safavi et al., 2007; Ansari, Butt, 2011). OAnaxo MexaHH3Mbi othx H3MeHeHHH 
H3yneHbi cJia6o. KpoMe toto, HCCJieAOBaHHH, npn KOTopbix npoBOAHJmcb nac- 
ca)KH rpn6oB nepe3 pa3Hbie bhabi xo3neB c nocjieAyioiriieH oachkoh reHOTHnn- 
HeCKOH H 4>eHOTHnHHeCKOH H3MeHHHBOCTH nOJiyneHHblX KJIOHOB, eAHHHHHbl 

(Vandenberg, Cantone, 2004). MencAy TeM noAo6Hbie pa6oTbi HMeiOT He tojib- 
ko TeoperanecKoe, ho h npHKJiaAHoe 3HaneHHe ajm OTCJie>KHBaHHH «cyAb6bi» 

IHTaMMOB, BHOCHMbIX B 6H0U,eH03bI A™ C03AaHHH HCKyCCTBeHHbIX 3HH300THH, 
a TaKHce ahh oachkh hx bjihhhhh Ha Heu,ejieByio (jiayHy. 

/JjIH BbIHBJieHHH BHyTpHBHAOBOrO nOJIHMOp(J)H3Ma aCKOMHU,eTOB H KapTHpO- 
BaHHH pa3JIHHHbIX H30JIHTOB HIHpOKO HCnOJIb3yeTCH MeTOA aHaJIH3a nOJIHMOp- 
(J)H3Ma MencMHKpocaTejuiHTHbix nocjieAOBaTejibHOCTeii b reHOMe c Hcnojn>30Ba- 
HHeM ISSR npaiiMepoB (Estrada et al., 2007; Liang et al., 2008; Gramaje et al., 
2014). LlpeHMymecTBaMH a&hhoto MexoAa hbjihiotch xopoman BocnpoH3BOAH- 
MOCTb H BbICOKHH ypOBeHb BbIHBJIHeMOrO nOJIHMOp(})H3Ma. MHKpOCaTeJIJIHTbl 
rHnepBapnaSejibHbi h pacnpeAejieHbi no BceMy reHOMy. MyraAHH b perHOHax 
MHKpocaTejuiHTHOH HK o6pa3yiOTCH npeHMymecTBeHHO no AeyM MexaHH3- 
MaM: 1) MyTareHe3a, o6ycjiOBJieHHOro npocKajib3biBaHHeM ,H,HK-nojiHMepa3bi 
baojib Aenn flHK bo BpeMH penjiHKau,HH, npn kotopom nponcxOAHT H3MeHe- 
Hne nocjieAOBaTejibHOCTH Ha OAny eAHHHiiy nOBTOpa, 2) TOneHHbix 3aMeH. IIo- 
Ka3aHO, hto CKopocTb HaKonjieHHH MyraAHH npHMO KoppejinpyeT c ahhhoh 
MHKpocaTeJiJiHTHbix ajnieJieH (Dettman et al., 2004). HeKOTopbie aBTopbi (Gau¬ 
thier et al., 2007) yTBepncAaioT, hto CKopocTb MyrareHe3a b MHKpocaTeJiJiHT¬ 
Hbix perHOHax y rpn6oB Bbirne, neM b ocTajibHOH J\YL K rpnSoB, TOrAa KaK Apy- 
rne aBTopbi (Demers et al., 2016) yKa3biBaiOT, hto OHa cpaBHHMa. B AaHHOH pa- 
6oTe mm nbiTajiHCb BbincHHTb, 6yAyT jih Ha6jiiOAaTbCH H3MeHeHHH ISSR 
npo^HJieii b xoac HecKOJibKHx naccanceH (npH6jiH3HTejibHO cooTBeTCTByioiAnx 
3nH300THHH0My AHKJiy) Hepe3 pa3HbIX HaceKOMbIX-X03HeB. MbI HCnOJIb30BaJIH 
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ISSR MapKepw, BbniBjniiomHe bbicokhh ypoBeHb nojiHMop(J)H3Ma y npnpoAHbix 
h30jmtob B. bassiana, b tom HHCJie 6jih3Khx no Mop^OJiornn, BnpyjieHTHOCTH 
n reorpa^nnecKOMy nponcxo^Aemno (Estrada etal., 2007; Kiyukov etal., 
2012 ). 

U,ejib HacTOnmeii padora — HCCJieAOBaTb (^eHorannHecKne n reHOTHnHHe- 
CKne H3MeHeHH^ niTaMMa Beauveria bassiana (Bals.-Criv.) Vuill. npn Henpe- 
pbiBHOM naccnpOBaHHH nepe3 pa3Hbie bhabi HaceKOMbix; oqeHHTb bo3mo)k- 
HOCTb npHMeHeHH^ MeTOAHKn ISSR a™ THnHpoBamra rpndHbix niTaMMOB npn 
3thx nacca)Kax. 


MATEPHAJI H ME TOSHKA 
TecT-HaceKOMbie n rpndbi 

B padoTe ncnojib30Bajin jihhhhok npHpOAHbix nonyjnmjnn a3naTCKon ca¬ 
paHHH Locusta mygratoria L., KOJiopaacKoro >i<yKa Leptinotarsa decemlineata 
Say, a TaK^ce JiadopaTOpHbix nonyjnmHH MynHoro xpynjaKa Tenebrio moli- 
tor L. n bohjhhhoh omeBKH Galleria mellonella L. Ebui ncnoJib30BaH niTaMM 
Sar-31 B. bassiana s. s v , BbiAeJieHHbiii H3 KydbimeK HTajibHHCKoro npyca Callip- 
tamus italicus L. b CTenHoii 30He 3anaAHon Cndnpn b 2001 r. KyjibTypa noA- 
Aep^KHBajiacb Ha cpeAax HaneKa n BaKCMaHa npn +4 °C n nepeceBanacb 1 pa3 
b roA- 


naccnpoBaHHe r p h d o b h e p e 3 HaceKOMbix 

B cbh3h c pa3JiHHH5iMH b nyBCTBineJibHocTH TecT-HaceKOMbix k naToreHy 
hx 3apa)Kajin pa3HbiMH mctoa^mh h A03aMH. JIhhhhok a3naTCKoii capaHHH 
h KOJiopaACKoro )KyKa HH(J)Hii,HpoBajiH nyTeM OKyHaHira Ha 10 c b BOAHyio 
(c AodaBJieHneM Tbhh-20, 0.03 %) cycneH3Hio rpndoB c KOHH,eHTpau,HeH 
1 X 10 7 KOHHAHH/mJL B KOHTpOJie JIHHHHOK a3HaTCKOH CapaHHH H KOJlOpaACKO- 
ro ^cyKa odpadaraBajin boaoh c Tbhhom-20. JIhhhhok bohjhhhoh oraeBKH h 
M yHHoro xpymaKa HH(|)HUiHpoBajiH mctoaom onbuiHBamni cyxHMH kohhahhmh 
rpnda b 90 mm Hanncax IleTpH, npn otom Hcnojib30BajiH HaBecKH BbicymeHHOH 
rpndHOH dnoMaccbi, coAep^amne 1 X 10 9 kohhahh b Ka^CAOH HaBecKe. 

JIhhhhok KOJiopaACKoro ^cyKa h a3naTCKOH capaHHH coA^p^cajiH b bohthjih- 
pyeMbix KOHTeiiHepax odr>eMOM 350 h 1000 mji cooTBeTCTBeHHO . JThhhhok bo- 
iahhhoh orHeBKH h MynHoro xpynjaKa coAep^cajm b 90 mm nanncax IleTpH* 3 k- 
cnepHMeHTbi npoBOAHJiH npn 27—28 °C h 90—99 % RH. YneTbi cMepTHocTH 
npoBOAHJin b TeneHHe 10 cyr. 3KcnepHMeHTbi cTaBHJTH He MeHee neM b 3 no- 
btophoct^x . Ka)KAaa noBTOpHOCTb BKjnoHajia He MeHee 10 ocodeii. IIorHdmHx 
HaceKOMbix pacKJiaAbiBajra b nauiKH IleTpH Ha yBJia^CHeHHyio (])HJibTpOBajib- 
Hyio dyMary c ijejibio nojiyneroni cjieAyiomeH reHepaijHH kohhahh. Tpynbi c 
rpndHbiM cnopOHOmeHHeM xpaHHJin npn +4 °C h HCnojib30BajiH a™ nocjieAy- 
iohjhx 3apa^ceHHH. Bcero npoBeACHO 6 HenpepbiBHbix nacca^eii rpnda nepe3 
TecTHpyeMbix HaceKOMbix. YpoBeHb CMepTHOcra BapbHpoBaji b npeAejiax 
45—65 % b KajKAOM payHAe ceJieKijHH. llocjie 6-ro nacca^Ka 6buia npoBeAeHa 
nepeKpecTHa^i OAemca BHpyjieHTHOCTH nojiyneHHbix peH30jnm)B h hcxoahoh 
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KyjibTypbi no MeTOAmce, onncaHHon Bbime. KpOMe Toro, npOBOAmiocb nccjie- 
AOBamie nx Mop4)OJioro-KyjibTypajibHbix cbohctb h H3MeHeHHH b MmcpocaTeJi- 
JIHTHOH flHK. 


On,eHKa MOp(|>OJioro-KyjibTypajibHbix cbohctb 

H30 JIJITOB 

/l,™ onpeAeJieHH^i npoAyKTHBHOcra kohhahh rpndHbix KyjibTyp H3 30 hbi 
pocTa kojiohhh Ha cpe^e BaxcMaHa Bbipe3ajiH 6 jiokh njioiqa^bK) 1 cm 2 , cycneH- 
^npoBajiH b boaho-tbhhhom (0.05 %) pacTBope npn 3000 o6/mhh b TeneHHe 

1 MHH H npOBOflHJlH nOACHCT KOHHAHH B rCMOH,HTOMCTpC. HpOAyKTHBHOCTb 

cnopoHomeHHM Ha Tpynax HaceKOMbix onpeAejnum nyTeM CMbiBa kohhahh 
boaho-tbhhhbim (0.05 %) pacTBOpOM npH 3000 o6/mhh b TeneHne 3 mhh c no- 
cjieAyK)u],HM noAcneTOM kohhahh b reMOUjHTOMeTpe. /^jm onpeAeJiemDi jnina3- 
hoh aKTHBHOCTH HiTaMMOB Hcnojib30BajiH cpeAy CJieAyiomero cocTaBa (t/ji): 
NaCl — 5, nenTOH — 15, Apo^c^ceBofi OKCTpaKT — 5, Tbhh-20 — 10, 
arap-arap — 15. H3Mepemie kojiohhh h 30h jiHnoJiH3a npoBOAHJin nepe3 4 cyr 
nocjie noceBa. OepMeHTaraBHyio aKTHBHOCTb Bbipa)*cajiH OTHomeHHeM Ana- 
MeTpa 30H BOKpyr kojiohhh k AH&MCTpy caMHx kojiohhh. 


AHaJIH3 reHCTHHeCKHX pa3JIHHHH 

J\jik BbiAeJieroiii Jl HK mhhcjihh HiTaMMOB KyjibTHBHpoBajiH Ha jkhakoh cpe- 
Ae HaneKa c nenTOHOM (0.4 %) b meincepe npn 130 o6/mhh h 27 °C b TeneHHe 
6—7 cyT. MmjejiHH oca^KAajiH npn 10 000 g 10 mhh, pa3pymajiH )khakhm a30- 
tom h 3aTeM BbiAeji^iJiH cyMMapHyio J\YL K npn noMom,H Hadopa DNeasy Plant 
Mini Kit (QIAGEN) coraacHo npoTOKOJiy npoH3BOAHTeJHi. fljiM aHajiH3a reHe- 
THHeCKHX pa3JIHHHH SblJIH HCnOJIb30BaHbI MOKMHKpOCaTCJIJIHTHblC (ISSR) 

npaiiMepbi, npeAJioJKeHHbie M. 3cTpaAa c coaBT. (Estrada et al., 2007): 809 - 
(AG) 8 G; 818 — (CA) 8 G; 842 — (GA) 8 YG; 885 — BHB(GA) 7 ; 889 - 
DBD(AC) 7 ; 891 — HVH(GT) 7 , rAe B = C, G, T; D = A, G, T; H = A, C, T; V = 
= A, C, G; Y = C, T (no HOMeHKJiaType IUPAC). PeaKH,Hio iipoboahjih b 
50 mkji pacTBOpa, coAep^amero 10 mM KC1, 20 mM Tris-HCl pH 8.8, 10 mM 
(NH 4 ) 2 S0 4 , 2 mM MgCl 2 , 0.2 mM kb^caoto H3 nerapex dNTP, 10 nMOJib npaii- 
Mepa, 0.1 — 0.5 mkt ^HK-MaTpnitbi h 5 eA- Taq-noJiHMepa3bi. AMnjiH(|)HKaii;HH 
o6pa3u;oB 6biJia BbinoJiHeHa Ha aMmiH(})HKaTope EHC-110. Ycjiobihi niJ,P peaK- 
h;hh: 1 mar: AenaiypaitiHi — 94 °C, 5 mhh; 2 mar: AenaTypaiiira — 94 °C, 30 c, 
OT)KHr — 52 °C, 45 c, 3JiOHrau,iDi — 72 °C, 2 mhh, 45 ahkjiob; 3 mar: OJiOHra- 
Ahh — 72 °C, 6 mhh. AHajiH3 nojiyneHHbix nU,P-(j)parMeHTOB RHK npOBOAHJiH 
b 2%-hom arapo3HOM rejie, npHrOTOBJieHHOM Ha 6y(|>epe TAE (40 mM Tris-HCl 
pH 8.0, 20 mM aiteTaT HaTpmi, 1 mM 3,H,TA) c AoSaBJieHHeM dpoMHCToro oth- 
AH5i (0.01 MKr/MJi). B rejib bhochjih o6pa3ijbi, coAepjKamne 0.3 — 0.5 MKr flHK, 
c AoSaBJieHHeM 0.1 o6i>eMa 6y$epa, coAepjKamero 50% rjnm,cpHHa, 0.2% 
KCHJieHH,HaHOJia h 0.2 % 6poM(J)eHOJiOBoro CHHero. 3jieKTpo(|)ope3 npOBOAHJiH 
npn Hanp^HKeHHOCTH 3JieKTpHnecKoro nojni 5— 10 B/cm. 
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CTaTHCTHHeCKHH aHaJIH3 


^aHHtie npoaHajiH3HpoBaHbi c noMombio o^HO^aKTopHoro ^HcnepcHOHHo- 
ro aHajiroa c ncnojib30BaHneM KpHTepini Tbiokh (STATISTICA, 8). flpn 3tom 
npou;eHTHbie 3HaneroDi Sbijih TpaHCfjoopMHpoBaHbi b arcsin %. aHHbie Ha rpa- 
(J)HKax npeACTaBJieHbi b burs cpe^Hnx apn^MeTHHecKHx h oihh6ok cpe^Hux. 


PE3YJIbTATbI 

H3MeHeHH5 MOp(j)OJioro-KyjibTypajibHbix cbohctb 

nocne rnecTH HenpepbiBHbix nacca^eii HiTaMMa Sar-31 nepe3X. migratoria, 
L. decemlinneata, T. molitor h G. mellonella 6biji bbi^bjich pnjx o6hjhx 3aKOHO- 
MepHOCTeii b (})eHOTHnHHecKOH H3MeHHHBOCTH nojiyneHHbix KyjibTyp. Y Bcex 
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Pile. 1. Mop(J>onoro-KynbTypajibHbie CBOHCTBa niTaMMOB Beauveria bassiana Sar-31: ncxo^Horo h 

naccHpoBaHHbix nepe3 HaceKOMbix. 

A — pocT kojiohhh Ha CKomeHHOM arape (epe/ja BaKCMaHa); B — npo^yKTHBHOCTt kohh/jhh Ha epe^e BaKCMa- 
Ha; C -JIHnOJIHTHHeCKafl aKTHBHOCTb. * - P < 0.05 no CpaBHeHHIO C HCXOftHBIM IHTaMMOM. 

Fig. 1. Morpho-cultural characteristics of the initial strain (Beauveria bassiana Sar-31) and its reiso¬ 
lates. 
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Locusta Tenebrio Leptinotarsa Galleria 


HaceKOMbie 

] Hcxo^HbiH h30jist V/A Locusta tS8| Tenebrio 
□ Leptinotarsa ^ Galleria 

Pnc. 2. BnpyjieHTHbie CBoiicTBa nrraMMOB Beauveria bassiana Sar-31: HexoflHoro h naccnpoBaH- 
he»ix nepe3 HacexoMbix (cMepTHOCTt HacexoMbix nepe3 10 cyT riocne aapaacemm). 
06o3HaHeHHS re ace, hto h Ha pnc. 1. 

Fig. 2. Virulence of the initial strain Beauveria bassiana Sar-31 and its reisolates (insect’s mortality 

at 10 days after infection). 

pen30JiflT0B OTMeneHO nouBJieHHe OTneTJiHBoro ^cejiToro nHTMeHTa h ycnneHHe 
pejn>e(J)H 0 CTH kojiohhh no cpaBHeHnio c hcxo/jhlim niTaMMOM (pnc. 1, A). Kpo- 
Me Toro, j\Jin Bcex pen30MT0B 6biJio xapaKTepHo noBbimemie jrnna3HOH aKTHB- 
HOCTH H npOAyKTHBHOCTH KOHH^HH Ha HITC no CpaBHeHHK) C HCXO^HOH KyJIb- 

Typon (F 415 = 4.0, p= 0.023 n F 4 . 10 = 85.6, p <0.00001 cooTBeTCTBeHHo) 
(pnc. 1 ,B,C). 

H3MeHeHH)I ypOBHH BHpyJieHTHOCTH H npO^yKTHBHOCTH 

Ha Tpynax 

Ouemca BHpyJieHTHOCTH peH30JinTOB k HcnbiTyeMbiM HaceKOMbiM noKa3ajia 
noBbimeHHe BHpyJieHTHOCTH ko BceM xo3neBaM no cpaBHeHHio c hcxoahoh 
K yjibTypoii (F 4i8 o = 4.3, p = 0.003) (pnc. 2). npH otom BHpyjieHTHOCTb yBejiHHH- 
Bajiacb He TOJibKO no OTHomeHHio k TOMy TecT-o6BeKTy, nepe3 KOTOporo npo- 
BOAHJincb nacca^KH, ho h ko BceM ocTajibHbiM HaceKOMbiM. TaK, /jjih MyuHoro 
xpymaKa Bee Hccne^yeMbie peH30JMTbi 6biJiH 6oJiee BHpyjieHTHbiMH no cpaBHe- 
HHK) C HCXO^HOH KyjIbTypOH (F 4 10 = 4.0, p = 0.035), HO npH 3TOM MQTKJiy peH30- 
jinTaMH, noJiyneHHbiMH ot pa3Hbix bh^ob HaceKOMbix, cymecTBemibix pa3Jin- 
hhh He OTMeneHO (HSD Tukey: P < 0.37). AHajioraHHan 3aKOHOMepHOCTb bh- 
nBJieHa a™ KOJiopaflCKoro ^cyxa — Bee peH30JinTbi 6 bijih aKTHBHee hcxoahoto 
uiTaMMa (F 4 15 = 6.3, p = 0.003), a pa3JiHHHn MeyKjiy caMHMH peH30jnrraMH 6 bijih 
H e^ocTOBepHbiMH (HSD Tukey: P < 0.80). ^jih a3HaTCKofi capaHHH h bohihh- 
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Phc. 3. 3jieKTpo(J>operpaMMbi no 6 ISSR npaeMepaM ncxo^Horo n naccnpoBaHH&ix niTaMMOB Beau- 

veria bassiana Sar-31. 

1 — Hcxo/jHbm uiTaMM, 2 — naccHpoBaHHbiH nepe3 Leptinotarsa, 3 — nepe3 Galleria, 4 — nepe3 Locusta, 5 — 

nepe3 Tenebrio. 

Fig. 3. Electrophoregrams of 6 ISSR markers of the initial strain Beauveria bassiana Sar-31 and its 

reisolates. 


hoh orHeBKH TaioKe OTMeneHa noBbimeHHaji BHpyjieHTHOCTB peH30jnrroB no 
cpaBHeHHio c hcxoahbim niTaMMOM, ho npemvtymecTBeHHo Ha ypoBHe TeH^eH- 
Uhh (F 4.25 = 2.3, p = 0.08 h F 415 = 1.1, p = 0.38 cootbctctbchho), a Taicace ot- 

CyTCTBHe flOCTOBepHbIX pa3J!HHHH B BHpyjieHTHOCTH C3MHX peiliOJIMTOB (HSD 

Tukey: P > 0.53) (pnc. 2). 

FlpoflyKTHBHOCTb k o h 11 j 11 eo 6 paao b a h 11 ;i Ha Tpynax HaceKOMbix aoc roBepHO 
He H3MeHBJiacb, ho OTMeneHa TeH^eHUHa k ee noBbimeHHio y peroojiaTOB no 
CpaBHeHHio C HCXOflHblM IHTaMMOM. B HaCTHOCTH, Ha a 3 HaTCKOH capaHHe npo- 
flyKTHBHOCTb IICXOJHOI O LUTaMMa COCTaBHJia 4 ± 2 X 10 7 KOHIIJIlfi/OCOOb. a 

peH30JiaTOB — b cpe^HeM 9 ± 2 X 10 7 KOHHflHH/oco 6 b (F 45 = 1.6, p= 0.30, 
HSD Tukey: P > 0.25). 
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reHeTHHecKHe H3MeHeHHH 


Mapxepbi 885, 889, 891 He noKa3ajiH pa3JiHWH Me^KAy hcxoahoh h cenex- 
THpOBaHHbiMH KyjibTypaMH (pHC. 3). AHajiH3 (^HHrepnpHHTOB, nojiyneHHbix c 
HcnoJib30BaHHeM 818, 809 h 842 npaiiMepoB, noKa3aji pa3JiHHH5i b ISSR npo- 

dpKimX. 3t 0 npOHBHJIOCb B nOJIBJieHHH p^A^ AOnOJIHHTeJIbHbIX MHHOpHbIX h Ma- 
>XOpHbIX nOJIOC HJ1H HX HCHe3HOBeHHH nO CpaBHeHHK) C HCXOAHOH KyJIbTypofi. 
B HacTHOcra, Mapxepbi 818 h 842 noKa3ajiH, hto Bee nojiyneHHbie KyjibTypbi 
reHeranecxH He hachthhhbi. Handojiee Bbipa^xeHHbie otjihhha OTMeneHbi npn 
naccHpOBaHPiH niTaMMa nepe3 MynHoro xpymaxa (o6pa3eu; 5). Y AaHHoro pen- 
30Jurra otjihhhh BbMBJieHbi no TpeM MapxepaM (818, 809 h 842) (pnc. 3), hto 
mo^kct CBHAeTejibCTBOBaTb o npOH3onieAuiHx reHeraHecxHx H3MeHeroDix mhx- 
pOCaTTeJIHTHOH Jl HK. 


OECYaCflEHHE 

ripH mecTHKpaTHOM naccHpOBaHHH niTaMMa B. bassiana nepe3 pa3Hbix xo- 
3aeB Ha6jiiOAajiHCb OAHOHanpaBJieHHbie H3MeHeHH>i (JjeHOTHnHnecxHx cbohctb 
peH3oraTOB, GB5i3aHHbie c ycHJieHHeM peJibe^HocTH, noBbimeHHeM npoAyK- 
THBHOCTH, JIHnOJIHTHHeCXOH aKTHBHOCTH H BHpyJieHTHOCTH. CjieAyCT OTMe- 
THTb, HTO paHee npH HCCJieAOBaHHH H3MeHHHBOCTH npHpOAHbIX H30JMT0B TaX- 
)xe 6buiH Bbi^BJieHbi AOCTOBepHbie xoppejumHH Me^c^y BHpyneHTHOCTbio, pejib- 
e^HOCTbK) XOJIOHHH, npOAyKTHBHOCTbK) H JIHnOJIHTHHeCXOH aKTHBHOCTbK) 

(Kryukov et al., 2010). IIpoBeAeHHbie mecTHKpaTHbie naccami Moiyr cooTBeT- 
CTBOBaTb 2—3 JieTHeH omnooTHH rpn6a b nonyjHnjHflx HacexoMbix. Pha aB- 
TOpOB (EopHCOB h AP-, 2001) npeAnojiaraiOT, hto npn peajiH3au,HH onroooTHH 
y rpnOoB npH HenpepbiBHbix nacca^cax, Hap^Ay c B03pacTaHHeM BHpyneHTHO- 
CTH, npOHCXOAHT CfflDXeHHe npOAyKTHBHOCTH H )KH3HeCn0C06H0CTH, HTO MO- 
7 KQT 6bITb oSyCJIOBJieHO CKOOpAHHHpOBaHHbIMH H3MeHeHHHMH npH3HaKOB B 

npouecce mhxpoobojhoijhh. OAHaxo Taxoe cmnxeHHe MO^ceT Obitb CB^naHO He 
c cejieKH,Heii nepe3 xo3aeB icaic TaxoBoii, a c HaKonjieHHeM b ecTecTBeHHbix 
ycjiOBHHx CBepxnapa 3 HTOB, o neM Tax^xe ynoMHHaeT aBTOp (EopncoB h AP-, 
2001 ). 

Ba^CHO OTMeTHTb, HTO CeJieXIJHfl HCXOAHOTO H30JHITa Hepe3 pa3HbIX X03MeB 
He npHBejia k (jiopMHpOBaHHio xaxHx-jindo cneuiH^HHecKHx npH3HaxoB. riacca- 
>kh rpnOa nepe3 onpeACJieHHOro xo3^HHa npHBOAHJiH k yCHJieHHio BHpyjieHT- 
hocth He TOJibxo k ijeneBOMy odnexTy, ho h k HacexoMbiM Apyrnx cHCTeMara- 
necKHx rpynn. 3 to corjiacyeTca c HCCJieAOBamHuvra p^Aa aBTOpOB (Rehner, 
Buckley, 2005; Wang et al., 2005; Meyling et al., 2009), KOTopbie npn HccJieAO- 
BaHHH (|)HJToreHHH B. bassiana s.l. Ha ocHOBe pa3JTHHHbix MOJiexyjmpHbix Map- 
xepOB He HanuiH HHxaxnx AOxa3aTejibCTB npHypOHeHHOCTH (})HJiyMOB rpndoB k 
onpeAeJieHHbiM TaxcoHaM xo3neB, ho noxa3ajiH, hto onpeAeJieHHyio pojib bo 
BHyrpHBHAOBOH AH^fjiepeHij.HauHH nrpaiOT reorpa(J)HHecxHe (jiaxTopbi. KpoMe 
toto, p^A aBTopoB (Bidochka et al., 2002; Wyrebek, Bidochka, 2013) noxa3aji, 
hto b AH^epemjHaijHH nonyjnmHH HH3xo-cneH,HajiH3HpoBaHHbix acxoMHije- 
tob H3 poaob Beauveria, Metarhizium onpeAeJunoruyio pojib nrpaioT He ctojib- 
xo HacexoMbie—xo3neBa, cxojibxo adHOTHHecxne (JmxTopbi h pacTemni, xojio- 
HH3HpyeMbie a&hhbimh rpndaMH. 


10 


B03M0)KH0, B03HHKIHHe B XOAC CeJieKIJHH M0p(|)0(j)H3H0JI0rHHeCKHe npeo6- 
pa30Bamni niTaMMOB hbjhhotch pe3yjibTaTOM H3MeHemni OKcnpeccHH reHOB. 
TaK, p^A HccjieAOBaTeJieH (Shah et al., 2005; Safavi et ah, 2007) noica3an H3Me- 
HeHne 3KcnpeccnH reHOB, KOAnpyiomHx cepHHOBbie npoTea3bi (Prl) y rpuSoB 
Beauveria h Metarhizium npn nacca^ax nepe3 HaceKOMbix h npH pa3Hbix cno- 
co6ax KyjibTHBHpOBaHH^ in vitro. nojiynemibie HaMH pe3yjibTaTbi noKa3biBaK)T 
reHeTHnecKyio HeoAHOpOAHOCTb no TpeM MapicepaM y hcxoahoto n cejieKTnpo- 
BaHHbix niTaMMOB. He HCKmoneHO, hto npn MHoronncjieHHbix payH^ax pennn- 
Kan,HH B MHKpOCaTTeJIHTHbIX JIOKyCaX HaSjIIOAaeTC^ B03HHKH0BeHHe MyTan,HH, 
BCJie^CTBne Hero noflBjnnoTCfl noJiHMop(J)Hbie ynacTKH. npn 3tom ecim MHKpo- 
caTejniHTHbie TpaKTbi HaxoAflTcn b peryjnrropHbix panoHax reHOB, ohh MoryT 
OKa3biBaTb BJiHAHne Ha nx 3Kcnpeccmo (Hammock, Young, 2005; Michael 
et ah, 2007). 

IIIecTb payH^OB cejieKUjnn 6buin AOCTaTOHHbiMH HaKonjieHHfl oripeAe- 
jieHHbix H 3 MeHeHHii b ISSR npocjiHJHix. npn otom MapKepbi, noKa3aBmne otjih- 
hhh y peH30jnm)B (818, 809 n 842), TaiGKe BbiHBjnnoT HanSojibmee KOJinnecTBO 
pa3JiHnaiOHjHxc5i reHOTnnoB (ao 100 %) b npnpoAHbix nonyjnmmix; OAnaKO 
MapKepbi, He BbMBHBuiHe KaKoro-jm6o nojiHMOp(|>H3Ma npn nacca)*cax (885, 
889 h 891), TaK)Ke bbhibjhhot ao 95 % pa3Hbix reHOTnnoB cpeAH npnpoAHbix 
H30JIHTOB B. bassiana (Estrada etal., 2007; Kryukov et ah, 2012; KpioxoB 
h AP-, HeonySjiHKOBaHHbie AaHHbie). Tax hjih miane ypoBeHb nojiHMop(|)H3Ma, 
B03HHKaioin;HH npn 6-KpaTHOM naccnpoBaHHH mTaMMa pe3K0 orpaHHueH no 
cpaBHerono c noJiHMop(J)H3MOM, HaSmoAaeMbiM b npHpoAHbix BbidopKax. noo- 
TOMy b xoAe ceJieKUHH Bnoime bo3mo)kho othhuhtb xapaKTepHbiir (J)HHrepn- 
Phht mTaMMa. OAnaKO a™ HaAemiOH actokahh onpeACJieHHOH KyjibTypbi n;e- 
jiecoo6pa3HO Hcnojib30BaTb HecKOJibKo npaiiMepoB. 

HauiH HCCJieAOBaHHH nacTHHHO corjiacyiOTcn c padoTaMH J\yK. J\. BaHAep- 
6epr h O. A. KaHTOH (Vandenberg, Cantone, 2004), KOTopbie npoBOAHJin 
30-KpaTHbie nacca>KH mTaMMOB Isaria fumosorosea Wize nepe3 TJien Dinraphis 
noxia (Kurdjumov) h nemyeKpbuibix Plutella xylostella L. npn HadmoAaeMbix 
^eHOTHnHnecKHx H3MeHeHH^x mTaMMOB, npOHCxOAflnjnx npn nacca^cax, bbto- 
pbi He o6Hapy)KHJiH pa3JiHHHH Me^CAy hcxoahbimh h naccHpOBaHHbiMH KyjibTy- 
paMH no (JiHHrepnpHHTaM, nojiyneHHbiM Ha ocHOBe Hcnojib 30 Bamni 14 RAPD 
npaiiMepoB, hto TaK^ce CBHACTejibCTByeT o bbicokoh (JieHOTHmiHecKOH jiadmib- 

HOCTH H OTHOCHTeJIbHOH reHeTHHeCKOH CTadHJIbHOCTH 3HTOMOnapa3HTHHeCKHX 

rpudoB npn naccaacax. 

CneAyeT otmcthtb, hto npoBeAeHHbie HccJieAOBamui KacaioTcn hckjhohh- 
TejibHO JiadopaTOpHbix HcnbrraHHH. npn peajiH3au,HH 3nH300THH b npnpoAHbix 
yCJlOBHHX nOMHMO CeJieKAHH, CBH3aHHOH C npOXOKA^HHeM AHKJia rpH0OB ne- 
pe3 X03HHHa, 6yA6T ACHCTBOBaTb AeJIblH PHA 3JIHMHHHpyK)III,HX (JiaKTOpOB, CBH- 
3aHHbix c npedbiBaHneM kohhahh rpndoB bo BHeniHeii cpeAC, b hbcthocth c 
TeMnepaTypoS, BJiamiocTbio h cojiHenHoii paAnaipieH. Bo3AencTBHe AaHHbix 
(J)aKTOpOB MO)KeT npHBOAHTb K 60 Jiee 3HaHHTeJIbHbIM 4>eHOTHnHHeCKHM h reHe- 
THHecKHM nepecTpoHKaM. nooTOMy cJieAyioiUHM 3TanoM b oitemce TpaHccjiop- 
Mau,HH mTaMMOB rpndoB npn 3nn300THHx, a Tao<e bo3mo)khocth HCnojib30Ba- 
hhh reHeTHHecKHx MapKepOB a™ A^TeKu,nn naToreHOB aojhkhbi CTaTb nojieBbie 
HCCJieAOBaHHH. KpOMe toto, BecbMa nepcneKTHBHbiM dyA^T nOAxOA, ocHOBaH- 
hbih Ha aHajiH3e mMcnemm o6ohx 3BeHbeB napasHTapHOH CHCTeMbi b xoac no- 
CJieAOBaTejibHbix payHAOB koobojhoijhh. 
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PHENOTYPIC AND GENETIC CHANGES 
OF ENTOMOPATHOGENIC ASCOMYCETE BE A UVERIA BASSIANA 
UNDER PASSAGING THROUGH VARIOUS HOSTS 

V. Yu. Kryukov, U. N. Rotskaya, O. N. Yaroslavtseva, 

E. A Elisaphenko, B. A Duisembekov, V. V. Glupov 

Key words : entomopathogens, ascomycetes, passaging, epizootic, ISSR, variability. 

SUMMARY 

Phenotypic and genetic estimations of entomopathogenic ascomycete B.bassiana (stra¬ 
in Sar-31) after 6-passaging through four hosts were shown. Increasing of virulence, chan¬ 
ges in morpho-cultural characteristics and variations in Inter Simple Sequence Repeats 
(ISSR) assay between initial and reisolated cultures were registered. 

Six passages of entomopathogenic ascomycete Beauveria bassiana (strain Sar-31) 
through four hosts (Galleria mellonella, Tenebrio molitor, Leptinotarsa decemlineata , Lo- 
custa migratoria ) and following estimation of phenotypic and genetic differences of the 
initial strain and reisolated cultures were conducted. The passaging of strain through certa¬ 
in host led to increasing of virulence for both this host and other test-insects. Unidirectio¬ 
nal changes of morpho-cultural characteristics: colonies pigmentation and relief strengthe¬ 
ning, increasing of conidia production and lipolytic activity were registered in all passaged 
cultures. Genetic analysis with 6 ISSR markers revealed variations between initial and rei¬ 
solated cultures in 3 markers. Taken together, the results of this study help us understand 
potential ways of fungi strains changes during epizootic process and possibilities of ISSR 
assay applying for investigation of pathogen transmission. 
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